Introduction
The U.S. Geological Survey (USGS) completed an assessment of undiscovered, technically recoverable coalbed gas resources within the Karoo Basin Province of South Africa and Lesotho ( fig. 1 ). The Karoo Basin is a Permian retroarc foreland basin that formed as the Cape fold belt developed by subduction-related compression (Cadle and others, 1993) . As the Cape fold belt developed, thrust loading caused lithospheric subsidence, forming an asymmetric foreland basin that was deepest in the south and shallower to the north. In the southern foredeep, the Permian section is dominated by deep-water shales and sandstones, whereas to the north and northeast the Permian section contains fluvial-deltaic conglomerates, sandstones, shales, and coals (Cairncross, 2001; Hancox and Götz, 2014) . The focus of this study is the potential for coalbed gas resources in the coal-bearing sequences of the Vryheid Formation of the Ecca Group ( fig. 2) . The Vryheid Formation contains several coarsening-upward sequences with coals in the upper part of each sequence, and the coals can be traced throughout the study area (Hancox and Götz, 2014) . Coal thickness is variable, but individual coals can be as much as 10-meters thick. Coal rank is reported to be high-to low-volatile bituminous with higher rank in the eastern part of the study area. Permian sedimentation in the Karoo Basin Province ended with extensive volcanism related to the breakup of the Gondwana supercontinent. Dolerites associated with volcanism might have had a negative impact on potential coalbed gas resources, although there are differing interpretations as to the impact of the intrusives (Gröcke and others, 2009; Hancox and Götz, 2014) . Distal Ecca Group shales include the Whitehill and Prince Albert Formations, which contain potential shale-gas resources (Brownfield and others, 2016) , but the resource potential of shale gas may also have been affected by local thermal maturation and loss of gas by the emplacement of widespread intrusives.
Total Petroleum System and Assessment Units
For the Karoo Basin Province, the USGS defined a Vryheid Coal Total Petroleum System (TPS) and a Karoo Vryheid Coalbed Gas Assessment Unit (AU) within this TPS. The boundary of the AU is defined mainly by the Karoo Basin Province boundary in the northeastern part of the basin and by the 50-meter isopach contour of the Vryheid Formation for the southwestern boundary ( fig. 3 ). The mined areas were removed from the total area of the AU. The major geologic risk for the occurrence of recoverable coalbed gas in this AU is retention of recoverable gas within the coals following emplacement of widespread intrusives. The geologic model proposed in this study is for some portion [BCFG, billions of cubic feet of gas; MMBNGL, million barrels of natural gas liquids. Results shown are fully risked estimates. For gas accumulations, all liquids are included under the NGL (natural gas liquids) category. F95 represents a 95-percent chance of at least the amount tabulated. Other fractiles are defined similarly. Fractiles are additive under the assumption of perfect positive correlation. Shading indicates not applicable] of the gas to have been retained within the coals following the intrusion of dolerites as the Gondwana supercontinent began to breakup in the Mesozoic. Assessment input data for the Karoo Vryheid Coalbed Gas AU are shown in table 1. Well drainage areas, estimated ultimate recoveries, and success ratios were guided by U.S. coalbed gas analog assessment units.
Undiscovered Resources Summary
The USGS quantitatively assessed undiscovered continuous coalbed gas resources within the Karoo Basin Province (table 2) . For coalbed gas resources, the estimated mean is 5,271 billion cubic feet of gas (BCFG), or 5.27 trillion cubic feet of gas, with an F95-F5 range from 1,207 to 11,870 BCFG. The major source of geologic risk is the retention of gas in the coals following dolerite emplacement during the Mesozoic breakup of the Gondwana supercontinent.
For More Information
Assessment results also are available at the USGS Energy Resources Program website at http://energy.usgs.gov. 
